 Onchocerciasis is associated with a wide clinical spectrum of seizure types  Onchocerciasis-associated epilepsy is highly prevalent in in Maridi, South Sudan  Nodding seizures are more associated with disabilities including blindness than other seizures
Onchocerciasis-associated epilepsy (OAE) was defined as ≥2 seizures without any obvious cause, starting between the ages of 3-18 years in previously healthy persons who had resided for at least 3 years in the onchocerciasis endemic area.
Results
Seven hundred and thirty-six PWE were included in the study; 315 (42.8%) were females; median age was 18 years. A variety of seizure types were reported: generalized tonic-clonic seizures in 511 PWE (69.4%), absences in 15 (2.0%), focal motor seizures with full awareness in 7 (1.0%), focal motor seizures with impaired awareness in 25 (3.4%), brief episodes of hallucinations in 316 (43.9%) and nodding seizures in 335 (45.5%). The median age of onset of all seizures was 10 years, and 8 years for nodding seizures. PWE with nodding seizures presented with more cognitive disabilities. The diagnostic criteria for OAE were met by 414 (85.2%) of the 486 PWE with complete information. Eighty (11.0%) PWE presented with Nakalanga features. Only 378 (51.4%) PWE were taking anti-epileptic treatment. However until now no population-based study has investigated the epilepsy prevalence and the clinical spectrum of epilepsy in any onchocerciasis endemic region in South Sudan.
Conclusion
In addition to the classic features of onchocerciasis (skin changes and eye disorders), different types of epilepsy, growth retardation, delayed or absent external signs of sexual development, and facial, thoracic and spinal deformities have been observed in people living in onchocerciasis endemic areas (2) . The frequency of these different clinical manifestations and the underlying pathogenesis is unknown.
In May 2018, a door-to-door household survey was conducted in an onchocerciasis endemic area in Maridi, in the Western Equatoria region of South Sudan (Fig 1) .
We visited 44 villages in 8 study sites in the Maridi central area (Fig 2) .
A total of 2,511 households were visited, corresponding to 17,652 individuals; 736 (4.2%) individuals had epilepsy confirmed by a clinical officer or medical doctor. Detailed prevalence and incidence data are published elsewhere. In this paper we describe the clinical features of the PWE identified in these villages.
Methods

Study setting
The population of Maridi County is estimated at 101,065 (7). Water is mainly accessed from the Maridi River, which is fast flowing with several shallow rapids and a weir near the town that provides breeding sites for the Simulium vector (blackfly) that transmits O. volvulus.
Farming is the main economic and livelihood activity in these villages. The livestock are mainly goats and sheep; no pigs are kept in the Maridi villages.
Study design
The study protocol has been previously published (8) . In brief, all individuals in selected villages in the area around Maridi town were included in a doorto-door survey in May 2018. A two-step approach was used to identify persons with epilepsy. A pre-tested validated questionnaire consisting of five specific questions was used to screen for epilepsy (9) . Research assistants living in the affected villages were trained to conduct the screening process. Questionnaires were translated into the local language A person with active epilepsy was defined as a person who is taking antiepileptic treatment or who is not on anti-epileptic treatment but had at least one episode of seizures during the last 5 years.
Nodding seizures were defined as the head dropping forward repeatedly during a brief period of reduced consciousness.
A person with OAE was defined as a person meeting all the following six criteria (2): 1) a history of at least two unprovoked epileptic seizures at least 24 hours apart; 2) living for at least 3 years in an onchocerciasis-endemic region; 2) living in a village with a high prevalence of epilepsy including families with more than one child with epilepsy; 4) no other obvious cause of epilepsy; 5) onset of epilepsy between the ages of 3 and 18 years; 6) normal psychomotor development before the onset of epilepsy.
As potential "obvious" causes of epilepsy, a history of peri-natal trauma, severe measles, malaria, encephalitis or meningitis, or head injury with loss of consciousness in the 5 years preceding the onset of seizures was considered.
Nakalanga features were defined as an association of growth retardation without an obvious cause, with facial, thoracic or spinal deformation and delay or absence of external signs of sexual development [9] .
The level of autonomy of PWE was assessed using the modified Rankin Scale (11) and ranged from no disability to severe disability.
Study inclusion criteria
All persons suspected to have epilepsy during the house to house screening process who were confirmed by a clinical officer or medical doctor were included in the study. 
Data collection, management
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Results
Seven hundred and thirty six PWE were included in the study, of which 421 (57.2%) were males and 315 (42.8%) were females. The median age of all PWE was 18 years (interquartile range (IQR):15-20); 6.5% were younger than 10 years; 62.2% were between the ages of 10-19 years (Table 1) . Numbers of new onset epilepsy increased as from the year 2000 (Fig 2) . (Table 4) . was very weak, had dry skin, a pigeon chest, kyphosis, and generalized muscle atrophy with difficulty in walking (Fig 3a) . He was blind in both eyes with anterior chamber iritis, sclerosing keratitis and left sided proptosis (Fig 3b) .
He was mentally severely impaired, not able to take care of himself. He lived with his mother in a temporary house, less than 2 km away from the Maridi Dam. His mother had 9 children, one of whom died of epilepsy; 3 other siblings also had epilepsy. The frequency of his seizures decreased when he took carbamazepine 200 mg per day, however his mother (his father had left her) struggled to buy anti-epileptic drugs. At the time of the survey he was experiencing daily seizures. He had never taken ivermectin.
In 405 (58.0%) of the 698 PWE in which the question was asked there was a family history of epilepsy and in 354 (50.7%) there was a sibling with epilepsy (Table 5) . history. According to a meta-analysis of 119 papers in 2014 on the prevalence of epilepsy in sub-Saharan Africa, the median prevalence of epilepsy was 1.4% (18) . From all studies included in this analysis, less than 10% of epilepsy was considered due to head trauma, and the fraction of epilepsy attributable to antenatal or perinatal causes in sub-Saharan Africa was reported as 0.33 (19) . This means that in most African countries the
prevalence of epilepsy caused by a perinatal event is about 0.46% and less than 0.14% due to head injury. Thus the maximum epilepsy prevalence considering these two causes is 0.6%. Given that no particular reason predisposes Maridi to more perinatal events or head trauma as causes of epilepsy than other rural regions in Africa, these events cannot explain the high prevalence observed in this study. Given the absence of pigs in the Maridi villages, cysticercosis is unlikely to be a cause of the epilepsy in this study. Certain PWE were not at home during the survey and consequently answers were not obtained for all the questions asked. Also due to a formatting error in the ODK platform, the question about family history of seizures was omitted by some interviewers.
From our data, the number of persons who developed epilepsy appeared to increase from the year 2000 onward. However, these numbers need to be interpreted with caution as life expectancy of PWE in Maridi is short, as the majority of PWE, 706 (96.1%), were less than 30 years old. Therefore, with a median age of onset of epilepsy around the age of 10 years it is expected that most PWE do not live for more than 20 years. Therefore it is expected that in 2018 very few PWE would have had an onset of seizures reported before 2000.
The 51.4% reported anti-epileptic treatment use is probably an overestimation of the percentage of persons taking anti-epileptic drugs.
A C C E P T E D M A N U S C R I P T This is illustrated by the case report in this paper. Indeed during the survey it was noted that he was on anti-epileptic treatment but when we revisited his household it was clear he only received carbamazepine intermittently at a sub-optimal dose when there was money to pay for it.
CONCLUSIONS
PWE in onchocerciasis endemic villages in the Maridi area presented with a wide spectrum of seizures including nodding seizures and Nakalanga features. A great majority of PWE met the diagnostic criteria for OAE, suggesting that better onchocerciasis control could prevent new cases.
Epilepsy management algorithms in these areas must be adjusted to reflect the varied seizure types. Urgent action is needed to prevent children from developing OAE and to treat all PWE in onchocerciasis endemic regions with appropriate anti-epileptic treatment to reduce OAE associated morbidity and mortality, and as a corollary, improve the quality of life of PWE and their families.
Authors' contributions
RC wrote the first draft of the paper. All authors were involved in the development of the study design and essential study tools. Based on different expertise and experience, all authors critically reviewed specific sections of the paper. (Fig 3a) and bilateral blindness (Fig 3b) A C C E P T E D M A N U S C R I P T 
